yyTo date, a large number of finite element methods have been developed to study the dynamics of shell structures. Most of them are generally based on the degenerated solid approach and other less in shell theories, but introducing, in this last case, some assumptions to analyze this problem: some of them refer to shallow shells (slightly curved shells), or consider thin shells neglecting shear deformation, or dispense some terms in their stress-strain developments like the off-diagonal components of the curvature or metric tensors (orthogonal coordinates). In the present work, we present an improved finite element method for the linear dynamic analysis of shells, from thin to moderately thick and thick shells, developed in general curvilinear coordinates, based on a refined shear deformation shell theory and free of the well-known shear locking effect. Exact constitutive equations, including higher order moments-strains relations, are also deduced for the adequate analysis of thick shells. To circumvent the shear locking problems, the mixed interpolation of the tensorial components (MITC) of the linear strain tensor is used. An exhaustive study of different surfaces is performed, especially in doubly curved shells, and interesting conclusions of the higher order modes of vibration and the strain energy of the element are derived. Other desirable features like a low computational effort, a straightforward extension to nonlinear formulation and applications for composite shells are found in this novel and general formulation. Very good results in the proposed practical cases have been found.
It was Reissner (1945) who introduced the shear deformation in calculations for moderately thick plates and shells and even proposed the dynamic formulation of the problem including the rotary inertia in the kinetic energy term. Since then, there have emerged numerous theories, the so-called higher-order shear deformation plate theories (HOSDPT), with infinite variants that analyze both dynamic and static problems. A good review of these theories can be found in Mantari et al (2011) and Meiche et al. (2011) . Analytical solutions for these equations are rarely possible, so it has to resort to approximate methods.
With respect to shell structures, the book of Wempner and Talaslidis (2002) offers a comprehensive and rigorous treatment of theories of deformable bodies and shells using general tensor analysis. The compendium of Kienzler et al. (2004) treats different shell theories, reviewing the current state of the art and higher-order shear deformation shell theories including zigzag theories and layerwise laminated shell theories.
In a similar way to the calculations for plates, Alhazza and Alhazza (2004) and Leissa (1993) have shown that closedform solutions for general shell structures under dynamic actions are not obtainable. Bhimaraddi (1991) studies the free vibration of doubly curved shallow shells with zero twist on a rectangular planform using the three-dimensional elasticity equations. He studies the equilibrium equations of the shells using double Fourier series under the assumption that the ratio of the shell's thickness to its middle surface radius is negligible compared to unity. The difficulty, in the current state of knowledge, in obtaining general analytical solutions to the proposed problem, including shear deformation, requires the use of numerical methods for the modelling of the problem.
The finite element method offers a wide range of possibilities to address this problem, see for example the book of Zienkiewicz and Taylor (2000) . Yang et al. (2004) present a good review of the finite element methods for shell structures that have been developed since its inception back in the 1960's, presenting different techniques adopted by many authors to formulate efficient and versatile shell finite elements free of the well known problem of the different kinds of locking of the stiffness matrix. Membrane and shear lockings are distinct problems associated with shear deformation shell elements with thin thicknesses, and the trapezoidal (curvature thickness locking) and volumetric lockings are related to "solid-shell" elements and 3D elements. Enhanced assumed strain (EAS) elements, assumed natural strain (ANS) elements, elements based on multifield principles, like the Hellinger-Reissner and Hu-Washizu principles, are some of the many methods to address these problems and are presented in that review.
Within the wide range of finite element methods proposed to date, most are called degenerated solid-shell elements, as originally proposed by Ahmad et al. (1970) , which discretize the equations of the 3D-continuum concurrently introducing physical assumptions at discrete points.
With this approach, Lee and Han (2001) have studied the free vibration of isotropic plates and shells using a modified nine-node degenerated shell element with the ANS method.
Others have concentrated their efforts on specific geometries, for example, Kang and Leissa (2005) , who study paraboloid shells of revolution with variable thickness and solid paraboloids.
Finite element formulations based on different refined shell theories have been used profusely as well. Although they are apparently different approaches, they share a common physical meaning, as shown in various works even in the nonlinear geometric regime, Büchter and Ramm (1992) .
There are not many publications studying shell structures in the dynamic regime including shear deformation and large curvatures. For example, Lim (1995, 1996) , Stavridis and Armenakas (1988) and Stavridis (1998) propose shallow shell elements also using the degenerated approach. Others, like Aksu (1997) and Kumbasar and Aksu (1995) , formulate shell elements valid for moderately thick and really thick shells but assume orthogonal curvilinear coordinates along the lines of curvature of the reference surface of the shell. As shown by Qatu (1999) , shear deformation higherorder theories are also available for the dynamic analysis of shells.
The pioneering work of Reddy and Liu (1985) , who developed a 2-D higher-order theory for laminated elastic shells accounting for a parabolic distribution of the transverse shear strains through the thickness of the shell and tangential stress-free boundary conditions on the boundary surface of the shell, was the starting point for a series of theories which try to reproduce the behavior of thick shells, especially in the case of high frequencies. In this regard, Fard et al. (2014) presents a good review of different variants of the finite element method which study this problem and proposes an improved higher order double curved sandwich shell theory to analyze the free vibrations of double curved thick composite sandwich panels. In addition, they considered the terms �1 + �, corresponding to the components of the mixed curvature tensor expressed in orthogonal coordinates, and integrated them exactly through the thickness. Leissa and Chang (1996) demonstrated that by considering the terms �1 + � and using first-order shear deformation shell theories, better results are obtained than with higher-order theories neglecting these terms.
As far as the present authors' knowledge extends, there is little work in the literature dealing with shell elements using non-orthogonal reference systems on the shell, however, there are the excellent contributions of Chapelle and Bathe (1998) , Wempner and Talaslidis (2002) .
It is important to note that other variants of the classical MEF have been developed to study the vibrations of shells: the element free Galerkin methods and other meshless methods, like the generalized differential quadrature and the radial basis functions, for example, have been successfully implemented by Liu et al. (2006) and Tornabene et al. (2014) , respectively.
A different way to tackle the vibrations of shells is with the use of 3D elements. Such elements have a number of advantages, such as the possibility of using three-dimensional constitutive laws and not making any kinematic assumptions in deriving the strain--displacement relations, which is an implicit hypothesis in the shell elements. As for disadvantages, the major computational effort required, as well as the different kinds of locking of the stiffness matrix, particularly pronounced for low order elements, are the most significant. As with shell elements, different techniques have been developed to circumvent these problems. An interesting review of the state of art for these elements, proposing a cure for the locking problem, is Schwarze and Reese (2009) .
In the present paper, we formulate a general shell element in general curvilinear coordinates, not necessarily orthogonal coordinates, based on a consistent shell theory and valid for any kind of surface. Despite an initial major knowledge of the geometry of the shell, including the metric tensor, the Christoffel symbols, and the curvature tensor, the construction of the stiffness matrix and the mass matrix of the element is completely general. In order to ease the shear locking of the stiffness matrix for thin shells and bending-dominated problems Chapelle and Suarez (2008) , we have opted for the method of mixed interpolation of tensorial components (MITC). Originally introduced by Bathe and Dvorkin (1986) for low order shell elements, it fits comfortably into the proposed formulation.
The proposed shell element is versatile, lacks of zero energy modes (hourglass modes) and is free of the locking effect for thin shells. It also has some other desirable features, such as a uniform convergence to the exact solution independently of the shell geometry and thickness.
In the presented examples, we compare the obtained solution with the results obtained by other competitive finite elements, Lim (1995, 1996) , and add new results for doubly curved shells of moderate thickness.
SHELLS GEOMETRY
For further developments, we will recall some important concepts related to the geometry of shells and we will use the concepts of tensor calculus in profusion. An excellent book that the reader can consult for more specific aspects of tensor analysis is Nayak (2012) .
In order to work with shells, we admit that the reference surface of the shell can be parameterized by the curvilinear coordinates ( , ) = 1 2 α ϑ α , not necessarily orthogonal. As we know, in the undeformed configuration of the shell, the position vector r of a point can be written as,
where 0 is the position vector of a point in the middle surface, 3 is the material coordinate measuring the length along the normal to the to the mid-surface, and 3 a is the normal vector to the mid-surface, see Figure 1 . If we differentiate this expression, we obtain,
where g α are the covariant base vectors which define the plane tangent to an arbitrary surface of the shell and b ρ α are the components of the mixed curvature tensor.
The relation between the metric tensors of the shell space g αβ and the middle surface a αβ takes the form,
where is the curvature tensor, the second fundamental form of the reference surface. and is the third fundamental form, a symmetrical tensor whose expression is,
The derivatives of the tangent vectors and the normal vector to the surface can be obtained from the Weingarten equations,
In these equations we have introduced the Christoffel symbols of the second kind Γ γ αβ , which are not tensors. Equation (2) can be written in a more compact way as, where :
µ is the so-called shifter tensor, the two point tensor which transforms the components of a vector in one coordinate system, the shell space, to the components of the same vector in another coordinate system, the reference surface, and has the expression,
This contra-covariant tensor plays a fundamental role in the development of the theories of shells because it allows us to relate the tangent vectors to the medium surface and those related to any other surface of the shell (shell space).
For second order tensors, like the metric tensor, we have,
If we consider, for example, a fourth order tensor, like the elastic constitutive tensor C αβλµ , we can write
And hence,
Similarly, one can obtain the relation between any geometric features of any surface of the shell and those of the middle surface through the shifter tensor.
The Christoffel symbols of the 2nd kind can be expressed as:
Now further developing this expression, we obtain
with α λ ζ as the inverse of the shifter tensor,
These expressions are very interesting for developments concerning thick shells or those concerning high order theories, where it cannot be assumed that the geometrical properties of the shell space are not independent of the thickness.
To finish this section, it is very important for further developments, to know the expression of the differential volume in terms of known quantities of the middle surface. By definition,
and taking into account the relation (7), we have,
where H y K are the mean and Gaussian curvature of the middle surface, invariants of the mixed curvature tensor. The relation between H and K can be established from,
Hence, we can write, ( )
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SHELLS KINEMATIC
The expression of the components of the linear strain tensor can be written as, Wempner (1982) ( )
where V are the displacements of any point of the shell space and the double vertical bar denotes the covariant derivative with respect to a general basis of vectors tangent to a general surface of the shell space, not necessarily the middle shell surface. Recall that for a first order tensor, the covariant derivative has a more explicit form, given by,
As seen above, the tangent vectors to any surface of the shell and those tangents to the middle surface are related through the shifter tensor by
At this point, we can express the covariant derivatives of the three dimensional components of the displacement vectors as a function of the two-dimensional components of the displacement vectors through the shifter tensor by,
So we can rewrite the expression (24),
where the single bar denotes the covariant derivative in the two-dimensional shell surface space.
Considering the expression of the shifter tensor, the generalized strains can be written
At this point we must introduce the corresponding kinematic hypothesis, which in our case it is a first shear deformation shell theory.
It physically indicates that after the deformation process, the fibers normal to the middle surface remain straight but not necessarily normal. After a more or less lengthy calculation, we obtain:
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So the linear strain tensor, E αβ can be expressed in matrix form as follows,
where, ( )
( )
Taking into account that for thin shells we can introduce the Kirchhoff-Love assumption, normals to the shell middle surface remain straight and normal to it during deformations and unstretched in length
In this case, displacements of a point of the shell space can be related to those in the reference surface by, 42) and the curvature tensor has the expression,
Note that in case we use this expression in finite element formulations, we have to impose first order continuity between shell elements, which is difficult to achieve for arbitrary geometries when using standard polynomials as shape functions.
STATEMENT OF THE PROBLEM.
There are different ways to get to the governing equations of the dynamic problem, either for analytical or approximate solutions. In the present work, we choose Hamilton's principle.
The problem to be solved is reduced to minimizing the functional: 
where * is the called Lagrangian density function, which is defined as the difference between the kinetic energy T and the sum of the potential energy of deformation (strain energy density), int π , plus the work of the external forces, defined in the previous equation. δ is the variation symbol, ρ is the material density and dots indicate differentiation with respect to time. * αβ τ are the stress components corresponding to the specified edge tractions and $\nu_\beta$ are the components of the unit normal vector with respect to the mid-surface.
By differentiating the internal strain energy and the kinetic energy and discretizing, we reach the classical eigenvalue problem depending on the stiffness matrix and the mass matrix.
Strain energy of the shell element and equilibrium equations.
In order to formulate the stiffness matrix of the shell element, we develop an expression of the internal strain energy. In general, we can write,
where ij τ is the symmetric stress tensor and ij E is the linear strain tensor. Considering the expression (7) it can be written,
Introducing the constitutive equations relating strains and stresses, for a linear elastic material, we have
If this last expression is developed some integrals appear,
which are generalized constitutive equations for the shells appearing in the strain energy equation. C αβγδ is the known elastic constant tensor (elasticity tensor) defined as: 
Assuming that the shell is moderately thick, the above equation can be rewritten as,
If we define generalized stresses in the form,
the elastic strain energy of the shell element can be written
where the expressions of the various tensors were derived in the previous section and are given by equations (34) and (36).
In the theory of moderately thick shells, the tensor αβ κ is usually not taken into account in the derivation of the stiffness matrix. Note that the contribution in the strain energy of this term is multiplied by 5 h 80
and so we understand is much less than the other terms. Bearing this in mind and neglecting this term, we can differentiate this last equation,
The External virtual work by distributed load intensity Ω and the external virtual work by shell edge resultant loads Γ are given as:
The finite element discretization of these functionals will be explained later, employing the MITC technique. Continuing with the usual process, the equilibrium equations can be deduced through the variational process: 
Where be M is the bending moment resultant and tw H is the twisting moment resultants. st N and sh Q are the in-surface stretching resultant and shear resultant, respectively. The terms , γ β ν ν are the components of the unit normal vector with respect to the mid-surface, and t λ are the components of the unit tangent vector with respect to the same midsurface.
Kinetic energy of the shell finite element in general curvilinear coordinates. Consistent and Lumped mass matrices.
The mass matrix of the finite element is necessary to study the dynamic problem. The lumped and consistent mass matrices are alternative formulations which can be used. In this case, we propose to develop the consistent mass matrix, using the same shape functions for its discretization than those used for the geometry. As low order elements will be used for the interpolation of the variables, the solutions with the lumped mass matrix are very poor, and that is why we have opted for the consistent mass matrix that most authors agree in emphasizing for its elders benefits, Zienkiewicz and Taylor (2000) .
The development of the mass matrix for a shell finite element in general curvilinear coordinates is more complex than for other elements such as three-dimensional elements, but conceptually it is developed in the same way, through the variation of the kinetic energy.
Our starting point is the definition of the kinetic energy,
where R is the position vector of an arbitrary shell point in the deformed configuration. If we consider that the underlying shell theory allows for the transverse shear deformation effects, we can write,
Therefore the kinetic energy functional is:
where C.T., L.T., and Q.T. stand for constant term, linear term, and quadratic term, respectively. We now carry out the interpolation of the variables involved: 
Introducing these expressions in (75), 
The terms in equation (75) can be integrated without difficulty in the light of equation (7). Doing this, we find a matrix expression for the kinetic energy depending on the mass matrix, the nodal variables of the element and its second derivatives. The explicit expression of the mass matrix, M, is shown below.
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Note that the terms of the mass matrix depend on the mean and Gaussian curvature (H and K) and on the thickness of the shell, in contrast, for example, to a plate element, where all these quantities except the thickness are 0. If we introduce the Kirchhoff-Love assumption given by equation (43), a more refined expression for the mass matrix for thin shells can be found. At this point, we can solve equation (44).
LOCKING OF THE STIFFNESS MATRIX. MIXED INTERPOLATION OF TENSORIAL COMPONENTS
Once an expression for the internal energy of the shell element has been deduced, with the inclusion of the shear strain effects and the kinetic energy necessary for the dynamic formulation of the problem, we need to discretize the middle surface of the shell by the isoparametric formulation, to subsequently integrate over the thickness.
For the interpolation of the displacements u within an element, bilinear shape functions have been used,
where is the generalized nodal displacement vector, i.e.
( , , , , ) = i 1 2 3 1 2 u u u δ θ θ and , 1 2 ξ ξ are the isoparametric coordinates. One of the advantages of the proposed formulation is that the basis vectors and other geometric parameters of the surface are known exactly.
As mentioned in the introduction, when the thickness of the shell becomes thinner, the shell elements suffer from the so-called shear locking (and membrane locking if the element are curved), causing spurious shear and membrane strains in bending dominated problems.
To circumvent this drawback, we turn to a well known technique originally proposed by Dvorkin and Bathe (1984) ; Bathe and Dvorkin (1986) for elements of low order, and Bucalem and Bathe (1993) for higher order elements, called mixed interpolation of tensorial components (MITC , where n stands for the number of nodes in the element), which can be encompassed within assumed strain methods. In general, the covariant strains are individually interpolated in MITC finite elements, where a set of tying points associated to each strain component is adopted. Hence, the shear components of the linear strain tensor (in covariant form) are interpolated so that
In this equation, the assumed strains � can be computed from the strains which have been interpolated through the shape functions Λ ( 1 , 2 ) . These shape functions depend on the isoparametric coordinates ( 1 , 2 ) and correspond to the strain component (α,β) evaluated at point k. The so-called tying points defined on the shell midsurface with coordinates ( , )define the assumed covariant strain components. p is the number of tying points for the covariant strain component 
We must note that this procedure is carried out at the elemental level for each individual element.
For more details regarding this formulation, we refer to the above-mentioned papers. In our case, the components of the linear strain tensor are given by equations (34) and (36). If we develop these tensor equations, the relation between strains and displacements can be written as, which would be properly interpolated by the chosen shape functions. For the construction of the stiffness matrix, note that we use AS E αβ  instead of DI E αβ defined by the last equation. Also, it is important to remark that if we had considered higher order moments defined by the tensor αβ κ , this last matrix would have to contain its components adequately ordered. 
It should be noted that the geometric characteristics of the surface are defined only at the nodes of the finite element, and that due to the invariance of the internal energy we can operate directly on the tensorial components without having to resort to the physical components of the variables.
RESULTS AND DISCUSSION
To test the validity of these results, we compared the results from using the new shell element with the results obtained by other authors with several types of shell structures: hyperbolic paraboloid shells as well as cylindrical, spherical and elliptic parabolioid shells. In general, doubly-curved shells pose very stringent tests to validate solutions, whether they are static or dynamic. A considerable number of examples, including clamped and simply supported isotropic shells with a wide range of ratios h/R and L/R, will be investigated.
The comparison of the present formulation is made with regard to the original test case, and also with the fournode shell model based on the degenerated solid approach developed by Dvorkin and Bathe (1984) . In all cases, the consistent mass matrices have been used, and finite element models have been discretized with 50 by 50 elements in Latin American Journal of Solids and Structures, 2019, 16(5), e183 14/26 the x and y directions respectively. Throughout these examples, we show the efficiency and versatility of the present formulation.
Example 1: Corner point supported thin hyperbolic paraboloid
To begin with, Narita and Leissa (1984) and and study the free vibration of several types of surfaces incluiding the hyperbolic paraboloid. The hyperbolic paraboloid test, a surface with negative Gaussian curvature, is quite demanding both surface type (doubly curved shell) and the boundary conditions.
The corner point supported thin hyperbolic paraboloid test of Figure 2 involves a surface with a negative Gaussian curvature, and is quite demanding both as to the type of surface involved (doubly curved shell) and its boundary conditions. The data of the problem is: square planform 1 x 1 m side, constant thickness of h=0.01 m., equal radii of curvature and opposite in sign Table 1 ). Table 1 presents the frequency associated with the first mode of vibration of the hyperbolic paraboloid according to results obtained by the above-named authors.
The frequency associated with the first mode of vibration of the hyperbolic paraboloid according the new formulation is 17, 21rad / s. The results obtained by the above-named authors are: Table 1 : Frequency associated with the first mode of vibration of the corner point supported thin hyperbolic paraboloid with curved edges. Comparison with Narita and Leissa (1984) , , and the degenerated solid approach of Dvorkin and Bathe (1984 The first three modes of vibration for the corner point supported thin hyperbolic paraboloid with curved edges are depicted in Figure 3 : Table 1 ).
Example 2: Simply supported thin hyperbolic paraboloid shell with square planform
In order to compare the higher order modes of vibration, we compare the results of the present formulation with Liew and Lim (1996) and the degenerated solid approach of Dvorkin and Bathe (1984) . Table 2 ).
For a simply supported thin hyperbolic paraboloid shell with square planform (Figure 4) , the results are compared for the first, fourth and eight vibration modes given in this work. In this case we take ν=0.3, a⁄b=1, and b⁄h=100. The results are shown in Table 2 for the non dimensional frequency parameter λ given by ( ) 3,, a⁄b=1, and b⁄h=100) . Comparison with Liew and Lim (1996) and the degenerated solid approach of Dvorkin and Bathe (1984) .
Mesh convergence analysis for thin hyperbolic paraboloid shell
A mesh convergence analysis has been performed to evaluate the performance of the proposed formulation. Table 3 presents the frequency parameter λ for simply supported thin hyperbolic paraboloid shells. To evaluate the proposed formulation for distorted meshes, the structured meshes (consisting in elements of size L x L) where distorted by different fractions of the element length L, for values 0.1L, 0.2L, and 0.4L, see Figure 5 . Table 4 presents the frequency parameter λ for simply supported thin hyperbolic paraboloid shells with distorted mesh. (Table 4 ). Table 5 present the results for other boundary conditions, i.e., a completely clamped thin hyperbolic paraboloid (ν=0.3,, a⁄b=1, and b⁄h=100), see Figure 6 . (ν=0.3, a⁄b=1, b⁄h=100) . Comparison with the degenerated solid approach of Dvorkin and Bathe (1984) . Table 5 ).
Example 4: Completely clamped thin spherical, cylindrical, hyperbolic paraboloid and elliptic paraboloid shells with circular planform.
This example compares the first, fourth and eight vibration modes for clamped thin shells with circular planform. Table 6 for the non-dimensional frequency parameter λ defined previously. 
Several shell geometries are evaluated

Example 5: Completely clamped moderately thick hyperbolic paraboloid shells
In order to compare the results with moderately thick shells, we use the parameter λ´, given by
If we analyze again the completely clamped hyperbolic paraboloid but with a relation b⁄h=10, then within the range of moderately thick shells, (ν=0.3, a⁄b=1, b⁄h=10) , we obtain the results presented in The good agreement between the two result sets becomes worst as the shallowness ratio b Ry increases. The reason is that the present approach is based on a general shell theory, whereas in in Liew and Lim (1996) To conclude this work, we also study the natural frequencies of other kinds of surfaces, such as cylindrical, spherical, and elliptic paraboloid shells. In the following table, the boundary conditions are also those of a simply supported shell in order to compare them with the analysis of Liew and Lim [1996] , Table 8 , (ν=0.3, a⁄b=1, b⁄h=100). 3, a⁄b=1, b⁄h=100) . Comparison with Liew and Lim (1996) and the degenerated solid approach of Dvorkin and Bathe (1984) . Finally, in Table 9 and Table 10 , we present different results for completely clamped spherical and cylindrical shells. The results show no significant differences from those obtained while using the other finite elements. We can see that the results obtained with the classical formulation are closer to the shallow shell theory whereas the new formulation is closer to the deep shell theory. For simply supported shells, it can be seen that higher frequencies vary linearly with the shallowness ratio, however, the lower frequencies are not affected by increasing it. In this sense, the internal energy of the shell remains nearly unaltered with respect to the shell curvature for the fundamental frequencies. . Comparison with ANSYS (ANSYS, 2011) and the degenerated solid approach of Dvorkin and Bathe (1984) . Comparison with ANSYS (ANSYS, 2011) and the degenerated solid approach of Dvorkin and Bathe (1984) . 
CONCLUSIONS
An efficient shell element for the linear dynamic analysis of moderately thick shells has been formulated. In spite of a greater initial complexity than other finite element models dedicated to this purpose, generally based on the degenerated solid approach, the new proposal has a series of advantages, such as its versatility, since it is based on a general and consistent shell model (tensor form) which permits an exact knowledge of the geometric parameters of the studied surface, and the reduced computational time calculation (compared to degenerate shell elements).
The tensor form of the stiffness and mass matrices (consistent mass matrix) and the generalized constitutive equations have been presented for this shell element, including the higher order moments deduced in the theory. To avoid the known locking problem of the stiffness matrix for thin shells, we have opted for the mixed interpolation of the tensorial components of the linear strain tensor (MITC technique). The results are in very good agreement with those reported in the literature and, besides, some interesting ideas with respect to higher order vibration modes can be Latin American Journal of Solids and Structures, 2019, 16(5), e183 24/26 highlighted. In this sense, the differences with other competitive finite elements become greater for thicker shells and for higher values of the ratios y b R . Indeed, we have focused on several kinds of surfaces, such as cylindrical, spherical, elliptic paraboloid and doubly curved shells, with a wide range of shallowness ratios and different boundary conditions, constituting strict tests for validating the new finite element, as well as due to the lack of results for non-shallow and thick shells (deep shells). The extension of this general dynamic formulation to other attractive problems in structural mechanics like material and geometric nonlinear shell analysis or applications to composite shell models is direct and will be presented in future works.
